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( hie of the first observations on iodine metabolism in fishes was that of Marine
and Lenhart (1910a, 19101)) who showed that addition of potassium iodide to

water flowing past brook trout (Salvelinus fonlinalis) could reduce the goitrous
condition of these fish. Little additional information, exclusive of a few measure-

ments on the iodine content of the thyroids of fish, was forthcoming until the

advent of radioactive iodine. Since that time numerous studies have been made
on iodine metabolism in fishes, with the bulk of the work being concentrated on

thyroid physiology and biochemistry (see revie\\s by Pickford and Atz, 1957;

Berg, Gorbman and Kobayashi, 1
(

'5
(

'; Leloup and Fontaine, 1960).

Studies of extra-thyroidal iodine have generally been limited to describing
tissue other than the thyroid which concentrates iodine. Using injected doses of

1-131, it has been established that the ovary of cyclostomes and teleosts, notochord

of cyclostomes as well as gills and stomach of selachians will concentrate iodide

(T-131) above the blood level. Maqsood, Reineke and Fromm (1961), using

in I'itro incubation, studied a number of tissues from rainbow trout and found

that only the lower jaw (thyroid) concentrated 1-131 above the level in the in-

cubation medium. Few data, however, are available on the actual iodine content

of nonthyroidal tissues exclusive of the blood. Robertson and Chancy (1953)
reviewed the literature and have contributed values on the iodine content of a

number of tissues of rainbow trout.

The level of injected radioiodine in the vascular compartment and its rate

of turnover have been little studied in fish and concern blood levels and excretion

rates. Leloup (1952) found that in mullet (Muyil auratiis) the blood level of

1-131 was 3.21% of the injected dose (per gram of blood) 8 hours after injection

and 2.38% after 72 hours. Mullet pre-treated with thiourea (1 gram per liter

of aquarium water) for 8 days had a blood level of 1.(>8</V of the injected do.se

8 hours after injection, llickman (1
(

>5'>) reported the half-life of 1-131 in the

blood of salt-water flounder ( I'luliclit/iys slcllittiis) ranged from 75 to 527 hours

while that of the fresh-water flounder ranged from 203 to 27 () hours.

Most studies of iodine excretion in fish have been concerned with determina-

tion of whole body loss; the findings showed great variation among different

fishes. Leloup (1
(

>52) showed that mullet lose 24.7% "f -in injected dose of

carrier-free 1-131 in 24 hours and 45.3'; in 72 hours; conger eels (Ctnujcr
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conger) lost 7% in 24 hours. Chavin (1956) found that goldfish (Carassius

auratus) lost 65% of an injected dose in 24 hours, and Leloup and Fontaine

(I960) indicate that rainbow trout at 20 C. lose 33.5% in 24 hours. It is of

interest to note that Leloup (1952) found that mullet treated with thiourea ex-

creted radioiodine at a greater rate than untreated controls and the hlood level of

1-131 remained below that of the controls.

The only information found on the routes and relative rates of excretion of

iodide in fish is that obtained by E. K. Marshall, Jr. and published by Beiter

(1933). In this study two aglomerular toadfish, Opsanus tan, were injected with

Nal and after 23 hours 74'', and <LJ
',' of the injected dose had been excreted

by the gills while 0.67% and 1.1% was excreted by the kidney. Hickman (1959)
has estimated that more than 80% of the 1-131 injected into salt- and fresh-water

starry flounder is excreted extrarenally.

MATERIALS AND METHODS

Rainbow trout (Salnio gairdueri) weighing from 75 to 173 grams, provided

by the Michigan Department of Conservation, Wolf Lake Hatchery, were kept
under constant illumination in static tanks of aged, aerated tap water at 12 2 C.

They were fed trout pellets every other day and the water was changed every
third day. During experimental periods the fish were not fed.

Ten trout used in the 24-hour uptake study were injected intraperitoneally
with carrier-free Na 1-131 made up in distilled water. The injection volume was
0.1 ml. and contained 2.26 //.c. of 1-131. Five fish were also given injections of

20 ing. of NaSCN. The fish were then placed in separate aquaria containing 36
liters of aerated, aged, tap water. After 24 hours the fish were anesthetized with

MS-222 and samples of blood, upper gill and lower jaw were obtained. Gill and

jaw samples were rinsed in fish Ringer's solution, blotted dry and weighed to the

nearest milligram, using a Roller-Smith balance. All samples were wet-ashed

with nitric acid in five-dram plastic vials and diluted to a counting volume.

Counts were made on 10-ml. aliquots of the aquarium water. Counting stand-

ards were made up in similar vials using 1/20 of the injected dose. All samples
were counted using a two-inch thallium-treated Nal well scintillation detector,

Model PHA-ICA pulse height analyzer and Model DS-1A decade sealer used as

a slave sealer. Counting was done at the 5% level of error or less.

For blood turnover studies, 15 trout were injected with 3.87 /AC. Na 1-131

per fish, then evenly distributed among three aquaria, each containing 38 liters of

aged tap water and equipped with a charcoal filter. Five fish were killed at 24,

72 and 120 hours and samples of blood and lower jaw taken. Blood samples
were centrifuged at 2500 rpm for 20 minutes and plasma samples varying from

0.4 to 0.7 ml. removed. Plasma proteins were precipitated with 10% ZnSO4 and

0.5 N NaOH and washed twice with 10 ml. of glass-distilled water. Precipi-

tates, washes, tissue samples and aquaria water were counted as noted above.

Routes of excretion of 1-131 were studied in two groups of trout. The first

group contained radioiodide that had been accumulated by the fish during a 24-

hour exposure to distilled water containing Na 1-131. The second group was

studied 24 hours after receiving an intraperitoneal injection of Na 1-131. For

this experiment the fish were anesthetized with MS-222 and a polyethylene
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r K;rKK 1. I Hstilled or tap water pumped over the gills of the experimental fish in the

chamber. tlo\\<-d out the side-arm into the two columns, each containing 10 grams of ion

exchange rc^in, \R\ 400. The cannula delivered urine into a 10-tnl. graduate cylinder. To
secure' the animals in position dam]) cotton was tucked in around the tail of the fish.

cannula ( Intramedic I'K (>0
) with a flared tip was inserted into the urinary

bladder The fish was inserted into the urine-collecting apparatus (Fig. 1),

dani]) cotton was placed around the posterior ends of the fish to keep them in place
and the gills were bathed with tap or distilled water. At the end of the collection

period the li.sli were again anesthetized with MS-222. blood samples taken,

ceutrifuged and plasma drawn off. The radioactivity in the plasma, urine and

n-sin sample- was measured as noted above.

RESULTS

|)ala on the 24-hour tissue distribution of intrapcritoiicallv injected \a \-\M

(Table I) indicate that the gills of trout do not accumulate iodide above the

concentration found in the blood. In contract, the lower jaw (throid) ex-
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TAUI.K I

Twenty- four hour n/>l<ikc of intraperitoncally injrtlcd 1-1 jj by rainbow Irani

Body weight .1 and range
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(Table III ) were calculated from data obtained during colK'Ction periods ranging

MII 75 to I-'-' minntes. I'rine collected ranged in volnme from 1.2 to l.
(

> ml.

The How values obtained are bigb compared to the values for rainbow trout

givi Krogh (1939), Holmes (1961) and Fromm (1963). Despite this, the

urine plasma ratios indicate that the trout kidney is quite efficient in reabsorbing
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iodide from tin- glomerular Illtrate. The oulflux of 1-131 from the gills, meas-

ured simultaneously \vith urinarv excretion, indicates that .some 3.S times more
_

iodide is excreted by the kidney than by the gills per unit of time, \\hether the

urine gill excretion ratio remains constant or changes with iodide levels in the

plasma is not known.
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TAHI.K 111

Excretion of 1-131 l>v riiin/iiiu' trout
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and //; vivo .studies have sli<i\vii. however, thai no huild-U|) of iodide (1-131)

occurs in the gills of fresh-water trout.

As shown ill Figure 2. the biological half-life (T '

L.
) of non-bound I 131 in

the plasma of trout is 1.7 days. Ilickinan (1
(

>(>2). found that the T l/> (1-131)

for whole blood was 202. and 27 () .4 hours for two fresh-water starrv flounder,

calculated from data obtained 30 and 70 hours after injection.

It should be noted (Table II) that almost all 1-131 in the plasma is in the

ionic form even live days post-injection. Although the amount of protein-bound
1-131 is low, it is rather significant because it is non-hormonal. Leloup and

Fontaine (19(>0) previously have shown that iodide will bind directly to trout

plasma proteins /;/ vitro. In the present study, by the fifth day, however, the

1-131 in the protein-bound ( IT>I ) fraction increases and this increase is probably
due to the appearance of labeled thvroxine. Tong ct al. (19nl) indicate that

labeled thvroxine was not detectable in the plasma of hagfish until the fourth day

after injection. It is apparent from this and other work (Ilickinan, 1
(

'62) that

great care should be taken in using plasma IM1I as a parameter of thvroid activity

in fish.

< >ur data, presented in Table III, indicate that per unit time some 3.S times

more 1-131 is excreted in the urine than is lost bv the gills in fresh-water rain-

bow trout. Observations by Marshall (see Beiter, 1
(

>33) indicated more iodide

was excreted by the gill than by the kidney in toadfish. These conflicting results

are not entirely unexpected since the trout has a glomerular kidnev while that

of the toadfish is aglomerular. Also the activity of the gills in osmoregulation
is quite different in the two species.

Since the 1-131 in the plasma of trout is mostly ionic, the glomerular nitrate

should have about the same concentration of 1-131 as the plasma. The urine

plasma ratios of 1-131 indicate that the 1-131 of the glomerular filtrate is mostly
reabsorbed. I'.ricker and Iliad (1955). ( Jiebisch ct al. (1956) and Williamson

ct al. (I
(

)n2) have shown that in mammals, iodide reabsorption is a passive dif-

fusion process taking place mainly in the proximal tubule. The rainbow trout

kidnev has a proximal tubule; however, the lack of correlative measurements

precludes any conclusion as to the nature of the reabsorptive process in trout.

Another parameter of renal function, 1-131 clearance, was determined. In

studies of the clearance of any substance by the kidney, the plasma level of that

substance should remain reasonably constant throughout the test period. The
short test period, and the fact that little 1-131 was lost from the fish indicate

that this condition was fulfilled in our studies. ( )ur experiments were designed
to get information on the maximal (diuretic) and normal values for 1-131 clear-

ance by the kidney of a fresh-water salmonid. Diuresis was induced by exposing
trout to distilled water, thereby increasing the osmotic gradient across the gills.

Tap water was used as a control since its composition approximates that of

Michigan trout waters. Published values for urine flow in rainbow trout range
from 60 110 ml. kg./day. Holmes and Mcl'.ean (1963) have found the (iFR

(glomerular filtration rate) of rainbow trout at 12 (.'. to be 170 ml. /kg. /day ;

thu.s, some 3d', <>i)'i of the glomerular filtrate is excreted per day. Values

for urine How obtained in this study suggest that the trout were diuretic and

therefore the measured values can be considered to be near maximal.
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The average iodide clearance for trout exposed to distilled water was three

times that of trout injected with Xa 1-131 and then exposed to tap water (Table

III). The increased clearance may have been due to differences in uptake (the

distilled water animals had accumulated 1-131 from distilled water which con-

tained a small amount of Xa 1-131, whereas the tap water animals received an

intraperitoneal injection of Xa 1-131 ) or more probably due to the greater diuretic

stress imposed on the fish in distilled water.

Tt is quite apparent that the kidney of fresh-water trout is of major im-

portance for the excretion of iodide, kcabsorption of filtered iodide is relatively

efficient, as indicated by low urine/plasma ratio; however, the efficiency is some-

what less than that for chloride. Fromm (1963) has obtained a chloride clear-

ance value of 6.8 ml./kg./day for rainbow trout whereas an iodide clearance of

12.6 ml./kg./day was obtained in the present study.

The authors wish to express their gratitude to Dr. K. P. Reineke and Dr.

\V. D. Collings for their helpful suggestions.

SUMMARY

1. XaSCX inhibits 1-131 uptake by the lower jaw (thyroid) and increases

the rate of loss of 1-131 from trout, presumably by way of the gills.

2. The biological half-life (T i/o
)

of ionic 1-131 in the blood plasma of trout

is 1.7 days.
3. 1-131 is excreted in the urine and by the gills, with the urinary loss being

3.8 times that of the gill per unit time.

4. The 1-131 urine/ plasma ratios indicate that the trout kidney absorbs much
of the filtered iodide.
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